The hypothalamus plays a critical role in the regulation of energy balance. Neuroanatomical and mouse genetic data have defined a core circuitry in the hypothalamus that mediates many of the effects of leptin on feeding and energy balance regulation. The present study used 5-bromo-2Ј-deoxyuridine (a marker of dividing cells) and a neuronal marker to systematically examine neurogenesis in the mouse embryonic hypothalamus, particularly the birth of neurons that relay leptin signaling. The vast majority of neurons in hypothalamic nuclei known to control energy balance is generated between embryonic days (E) 12 and E16, with a sharp peak of neurogenesis occurring on E12. Neurons in the dorsomedial and paraventricular nuclei and the lateral hypothalamic area are born between E12 and E14. The arcuate and ventromedial nuclei exhibit a relatively longer neurogenic period. Many neurons in these nuclei are born on E12, but some neurons are generated as late as E16. We also examined the birth of leptin-activated cells by coupling the 5-bromo-2Ј-deoxyuridine staining with cFos immunohistochemistry. Remarkably, the majority of leptin-activated cells in the adult hypothalamus were also born during a discrete developmental window on E12. These results provide new insight into the development of hypothalamic neurons that control feeding and identify important developmental periods when alterations in the intrauterine environment may affect hypothalamic neurogenesis and produce long-term consequences on hypothalamic cell numbers. (Endocrinology 153: 3657-3667, 2012) T he hypothalamus has been the traditional focus of feeding regulation because this brain region contains sets of neurons that are devoted to metabolic regulation and respond directly to peripheral hormonal and nutritional signals. Empirical experiments using physical lesions of specific hypothalamic structures, and, more recently, studies using sophisticated transgenic approaches have specifically revealed the importance of neurons within the arcuate nucleus (ARH), ventromedial nucleus (VMH), dorsomedial nucleus (DMH), paraventricular nucleus (PVH), and lateral hypothalamic area (LHA) in the regulation of body weight and glucose levels (1-7) (and see Refs. 8 and 9 for reviews). The ARH is the predominant site for the integration of peripheral blood-borne signals, including endocrine and metabolic factors. ARH neurons that coproduce neuropeptide Y (NPY) and agouti-related peptide (AgRP) or that contain proopiomelanocortin (POMC)-derived peptides directly respond to peripheral hormonal signals, such as the adipocyte-derived hormone leptin. Both NPY/AgRP-and POMC-containing neurons project extensively to other key hypothalamic nuclei, including the PVH, DMH, and LHA. These target nuclei contain sets of neurons that play a crucial role in energy balance regulation and include neurons that produce anorexigenic peptides, such as TRH, CRH, and oxytocin in the PVH, and express orexigenic neuropeptides, such as orexins and melanin-concentrating hormone (MCH) in the LHA.
T he hypothalamus has been the traditional focus of feeding regulation because this brain region contains sets of neurons that are devoted to metabolic regulation and respond directly to peripheral hormonal and nutritional signals. Empirical experiments using physical lesions of specific hypothalamic structures, and, more recently, studies using sophisticated transgenic approaches have specifically revealed the importance of neurons within the arcuate nucleus (ARH), ventromedial nucleus (VMH), dorsomedial nucleus (DMH), paraventricular nucleus (PVH), and lateral hypothalamic area (LHA) in the regulation of body weight and glucose levels (1-7) (and see Refs. 8 and 9 for reviews). The ARH is the predominant site for the integration of peripheral blood-borne signals, including endocrine and metabolic factors. ARH neurons that coproduce neuropeptide Y (NPY) and agouti-related peptide (AgRP) or that contain proopiomelanocortin (POMC)-derived peptides directly respond to peripheral hormonal signals, such as the adipocyte-derived hormone leptin. Both NPY/AgRP-and POMC-containing neurons project extensively to other key hypothalamic nuclei, including the PVH, DMH, and LHA. These target nuclei contain sets of neurons that play a crucial role in energy balance regulation and include neurons that produce anorexigenic peptides, such as TRH, CRH, and oxytocin in the PVH, and express orexigenic neuropeptides, such as orexins and melanin-concentrating hormone (MCH) in the LHA.
Impairments of hypothalamic development during perinatal life may result in lifelong metabolic dysregulations due to the importance of the hypothalamus in the control of eating and energy balance (10 -12 and see Refs. 13-16 for reviews). However, a good understanding of the timing of normal hypothalamic development in species that are used for the study of metabolic programming, such as the mouse, is particularly critical to adequately assess the influence of perinatal environmental factors on hypothalamic development. The formation of the hypothalamus is characterized by various developmental processes that fall into three major categories: 1) the birth of new neurons (i.e. neurogenesis); 2) the migration of these cells to their final destination; and 3) the formation of functional circuits, which includes axon growth and synaptogenesis (see Refs. 17 and 18 for reviews). Axonal tract tracing experiments in mice have revealed that ARH projections develop postnatally and reach their target nuclei within distinct temporal domains. Innervation of the DMH occurs on postnatal day (P) 6 followed by innervation of the PVH on P8 -10. Projections to the LHA are established on P12, and the pattern of ARH projections does not resemble that of an adult mouse until P18 (19) .
Surprisingly little is known regarding the embryonic development of hypothalamic neurons despite a tremendous increase in the interest in the influence of prenatal factors on lifelong metabolic regulation and hypothalamic development. Even less information on the precise birthdate of the hypothalamic neurons that mediate leptin's action is available. Much of the current knowledge on the generation of hypothalamic nuclei has been inferred from [ 3 H]thymidine studies, which cannot be used to determine the chemical phenotype of the generated cells (20 -22) . The present study used the analog of thymidine 5-bromo-2Ј-deoxyuridine (BrdU; a marker of dividing cells), with various cellular markers to systematically examine the birthdates of hypothalamic neurons in key hypothalamic nuclei and other areas that are implicated in energy balance regulation, with particular attention on the birthdate of cells that relay leptin signaling.
Materials and Methods

Animals
Time-pregnant C57BL6/J wild-type mice (Jackson Laboratories, Sacamento, CA) were produced in our breeding colony. The mice were mated around midnight and checked for a vaginal plug the next day. The day of conception (sperm positive vaginal smear) was designated as embryonic day (E) zero (E0). Animals were provided food and water ad libitum and housed in a 12-h light, 12-h dark cycle (lights on at 0700 h), temperature-controlled (21-22 C) environment. Animal use was in compliance with and approved by the Institutional Animal Care and Use Committee of the Saban Research Institute of Childrens Hospital of Los Angeles. The day of birth was designated as P0. Litter size was culled to six to eight pups (average litter size after culling was seven pups per litter) at P1 to assure adequate and standardized nutrition until P22 (weaning). Animals were provided ad libitum access to standard laboratory chow [Research Diet (New Brunswick, NJ)] after weaning. Only male offspring were studied, and each experimental group in all experiments included offspring from four litters.
5-Bromo-2-deoxyuridine injections
Pregnant mice received a single ip injection of BrdU (Sigma, St. Louis, MO; 160 mg/kg body weight, dissolved in 0.007 N NaOH) (23) on E10, E12, E14, E16, or E18. For the experiments combining BrdU and cFos stainings, pregnant mice received ip injections of BrdU (50 m/kg) on E12, E14, or E16 three times a day (at 0800, 1000, and 1200 h).
Leptin injections
Adult (P60) offspring of BrdU-injected dams received ip injections of either recombinant murine leptin (3 mg/kg body weight; Prepro Tech, Rocky Hill, NJ) or pathogen-free 5 mM Na citrate buffer (pH 4.0; n ϭ 4 per group). These offspring were perfused 2 h later as described below.
Tissue preparation
Male offspring of the BrdU-injected dams were examined on P10 in most experiments. The measurement of BrdU and cFos double labeling was examined on P60. Mice (n ϭ 4 -6 per group) were deeply anesthetized with tribromoethanol and perfused transcardially with 0.9% saline, followed by an ice-cold 4% paraformaldehyde solution made in 0.1 M phosphate buffer (pH 7.4). The brains were quickly removed from each perfused animals, postfixed in the same fixative containing 20% sucrose for 2 h at 4 C, and immersed in 20% sucrose in a 0.02 M potassium PBS (KPBS) solution at 4 C overnight. Frozen coronal sections (25 m thick, typically at a frequency of 1 in 3) from each brain were then cut using a cryostat, and every section was mounted onto gelatin-subbed, poly-L-lysine-coated microscope slides and stored in antifreeze at Ϫ20 C until use.
Immunohistochemistry
The sections were processed for double immunofluorescence after washing in KPBS as described previously (19, 24) . A special procedure was used to visualize BrdU. Antigen retrieval was performed using a microwave. Briefly, the slides were slow boiled for 10 min, incubated in 0.01 M citrate buffer (pH 6.0) for 30 min, and rinsed in 0.02 M KPBS for 15 min. The sections were placed in 2% normal serum ϩ 0.3% Triton X-100 overnight before incubation with either rat anti-BrdU Invitrogen) was used to visualize the anti-HuC/D and anti-cFos antibodies, respectively. The sections were counterstained with bis-benzamide (1:3000; Invitrogen) to visualize cell nuclei and the morphological limits of each nucleus. The slides were coverslipped with buffered glycerol (pH 8.5) and observed under a Zeiss Imager Z1 microscope with a ϫ20 objective (Carl Zeiss, New York, NY).
Data analysis and quantification
Two independent observers analyzed the sections using a Zeiss Axio Imager Z1 microscope. Each region of interest was identified with the aid of a standard brain atlas, an in-house library of age-matched Nissl-stained sections, and a bis-benzamide counterstain (Figs. 1-5A ). The number of immunoreactive cells for each animal was quantified manually using Image J (National Institutes of Health, Bethesda, MD) in three sections through the ARH, VMH, DMH, PVH, and LHA. Only brightly or heavily labeled neurons were considered to ensure the accurate determination of neuronal birthdate and proliferation. Only BrdU-positive cells with a corresponding bis-benzamide-stained nucleus were included in our quantification. Two categories of labeled cells were quantified: 1) relative numbers of BrdU-labeled cells and 2) relative numbers of double-labeled BrdU/ HuC/D neurons. The relative numbers of cFos and cFosϩBrdU were assessed in the ARH, VMH, DMH, LHA, and PVH of each group. The results are expressed as the percentage of BrdU/cFos nuclei among the cFos-immunopositive cells. Our measurements were not intended to provide absolute cell counts but rather to assess relative changes in cell numbers between experimental groups. Percentages of cFos-IR cells containing BrdU were compared between groups by two-way ANOVA with embryonic day and treatment group as factors. Fisher's least significant difference test was used for post hoc comparisons. A P Ն 0.05 was defined as significant.
Results
Pregnant dams were injected with BrdU at 10, 12, 14, 16, or 18 d after conception to assess the birthdate of cells in key hypothalamic nuclei that are involved in energy balance regulation. The offspring were killed on either P10 (for BrdU and HuC/D labelings) or P60 (for leptin induced cFos), which is when nearly all cells have migrated to their final destinations and differentiated, as well as when the markers that we studied are expressed at adult levels. BrdU produced a stereotypical labeling of cell nuclei throughout the hypothalamus at all of the ages studied. However, the degree and timing of neurogenesis varied among the various hypothalamic nuclei.
Birthdate of neurons in the arcuate nucleus of the hypothalamus
Very few BrdU-labeled cells were identified in the ARH of mice that were injected with BrdU at E10 (Fig. 1, B cells in the ARH decreased by approximately 4-to 5-fold between E12 and E14 mice (average number of labeled cells at E14: 18 Ϯ 2), and cell numbers remained relatively low in animals that received BrdU at older ages (average number of cells at E16: 23 Ϯ 4; E18: 13 Ϯ 3) (Fig. 1, D-F) . reactivity (Fig. 1, G and H) . However, only 40 and 20% of E16-and E18-labeled BrdU cells were HuC/D-immunopositive, respectively (Fig. 1H) . These results indicate that neurons in the ARH were generated between E12 and E18, with a peak of neurogenesis occurring at E12.
Birthdate of neurons in the ventromedial nucleus of the hypothalamus
No BrdU-labeled cells were observed in the VMH of mice that received BrdU on E10 (Fig. 2, B and F) . In contrast, animals that received BrdU on E12-E18 exhibited labeled cells throughout the VMH. The animals that received BrdU on E12 exhibited the highest numbers of BrdU-labeled cells (average number of labeled cells at E12: 130 Ϯ 11) (Fig. 2, C and F) , which is similar to the ARH results. The numbers of BrdU-labeled cells on E14-E18 were moderate and 3-6 times lower than those in the E12 animals (average number of cells at E14: 37 Ϯ 6; E16: 30 Ϯ 4; and E18: 21 Ϯ 3) (Fig. 2, D-F) . Double-labeling experiments using the neuronal marker HuC/D revealed that 90 and 70% of BrdU cells that were labeled on E12 and E14, respectively, also contained HuC/D immunoreactivity (Fig. 2, G and H) . However, only 40 and 20% of BrdU cells labeled on E16 and E18, respectively, were HuC/D immunopositive (Fig. 2H) . These data show that VMH neurons were generated between E12 and E18 with a peak on E12. Notably, each subdivision of the VMH followed the same temporal pattern of neurogenesis with a peak of neuronal formation occurring on E12 ( Table 1) .
Birthdate of neurons in the dorsomedial nucleus of the hypothalamus
Virtually no BrdU-labeled cells were identified in the DMH of mice that received BrdU on E10 (Fig. 3, B and F) . The injection of BrdU on E12-E16 produced a high number of labeled cells in the DMH (average number of cells at E12: 105 Ϯ 6; E14: 62 Ϯ 20; and E16: 155 Ϯ 37) (Fig.  3, C-F) . However, few BrdU-labeled cells were observed in the DMH of animals that received BrdU on E18 (average number of cells at E18: 4 Ϯ 3) (Fig. 3F) . Doublelabeling experiments show that 90 and 60% of cells that were labeled with BrdU on E12 and E14 displayed HuC/ D-IR, respectively (Fig. 3, G and H) . However, only a fraction (Ͻ5%) of the DMH cells that were generated on E16 acquired a neuronal phenotype. Similarly, less than 2% of DMH BrdU cells that were labeled with BrdU on E18 displayed HuC/D immunoreactivity (Fig. 3H) . These data show that the majority of neurons in the DMH were born between E12 and E14.
Birthdate of neurons located in the LHA
No BrdU-labeled cells were observed in the LHA of mice that received BrdU on E10 (Fig. 4, B and F) . However, clear BrdU incorporation was identified in the LHA of animals that received BrdU on E12-E18. The highest numbers of BrdU-labeled cells were identified in animals that received BrdU on E12 (average number of labeled cells at E12: 206 Ϯ 21) (Fig. 4, C and F) . The number of BrdUpositive cells in the LHA decreased by approximately 8-fold between E12 and E14 mice (average number of labeled cells at E14: 26 Ϯ 7). Animals that received BrdU on E16 displayed high numbers of positive cells in the LHA (average number of cells at E16: 195 Ϯ 36) (Fig. 4, D-F) , and the number of BrdU-immunoreactive cells was dramatically reduced on E18 (average number of cells at E18: 48 Ϯ 11) (Fig. 4F) . Double-labeling experiments using the HuC/D and BrdU antibodies demonstrated that approximately 90 and 60% of the cells that were generated on E12 and E14 acquired a neuronal phenotype, respectively (Fig. 4, G and H) . However, less than 3% of the BrdUpositive cells that were generated on E16 were HuC/D immunopositive (Fig. 4H) . Approximately 30% of the cells in the LHA that were generated on E18 displayed a neuronal phenotype (Fig. 4H) . These results indicated that cells in the LHA were generated primarily during two sharp peaks on E12 and E16 but that neurogenesis in the LHA was largely restricted on E12.
Birthdate of neurons in the paraventricular nucleus of the hypothalamus
No BrdU-labeled cells were observed in the PVH of mice that received BrdU on E10 (Fig. 5, B and F ). In contrast, numerous BrdU-labeled cells were identified in the VMH of animals that received BrdU on E12-E18. Animals that received BrdU on E12 exhibited the highest numbers of BrdU-labeled cells in the PVH (average number of labeled cells at E12: 64 Ϯ 25) (Fig. 5, C and F) . The numbers of BrdU-labeled cells in animals that received BrdU on E14-E16 were moderate and approximately three times (Fig. 5, D-F) . The numbers of labeled cells in the PVH further decreased in the animals that received BrdU on E18 (average number of cells at E18: 7 Ϯ 3) (Fig. 5F ). Double-labeling experiments using the neuronal marker HuC/D demonstrated that 70 and 60% of BrdU-positive cells that were labeled on E12 and E14 also contained HuC/D immunoreactivity, respectively (Fig. 5, G and H) . However, only 20 and 30% of BrdUpositive cells that were labeled on E16 and E18 were HuC/D immunopositive, respectively (Fig. 5H) . These data show that PVH neurons were generated between E12 and E18, with a sharp peak on E12. Notably, each subdivision of the PVH followed the same temporal pattern of neurogenesis with a peak of neuronal formation occurring on E12 (Table 1) .
Birthdate of leptin-activated neurons in the hypothalamus
Leptin primarily acts within the hypothalamus to mediate its actions on feeding and body weight regulation (2, 25, 26) . We repeated the BrdU injections described above and also injected the adult animals with either leptin (3 mg/kg, ip) or vehicle alone to determine when hypothalamic neurons that convey leptin signaling during adult life are born. The brains were stained for cFos because changes in cFos staining are generally taken to represent an increase in neuronal activity that can be conveyed either directly by leptin or through transynaptic activation (27) . Leptin treatment produced a marked induction of cFosimmunoreactivity in the ARH, DMH, LHA, and PVH of adult mice (Supplemental Figs. 1 and 2 , published on The Endocrine Society's Journals Online web site at http://endo.endojournals.org) as reported previously (19, 28) . Double-staining experiments with BrdU indicated that 30 -50% of leptin-sensitive neurons in the adult hypothalamus, including in the ARH, DMH, LHA, and PVH, were born during a short developmental period that is restricted on E12 (Figs. 6 and 7) . Only a small proportion of hypothalamic leptin-activated cells (1-10%) were born during later embryonic stages (Figs. 6 and 7) .
Discussion
The developmental process of a functional hypothalamic nucleus begins with the birth or terminal mitosis of the neurons within that nucleus. In their landmark analyses of the fetal rodent hypothalamus, Altman and Bayer (20) and Shimada and Nakamura (21) reported using [ 3 H]thymidine, which indicated that cells in the hypothalamic nuclei are primarily derived from precursors that originate in the proliferative zone surrounding the lower portion of the third ventricle. This proliferative zone is also known as the neuroepithelium of the third ventricle. These authors further demonstrated that numerous cells in the hypothalamus were born embryonically in rats (20) and mice (21) . These studies have provided valuable information on the numbers and timing of hypothalamic cell production, but they have not investigated the chemical identity of the cells that are born at a given time. The present study used BrdU to examine the birthdate of hypothalamic neurons in nuclei that play a key role in energy balance. Moreover, we performed a detailed analysis of embryonic hypothalamic neurogenesis in the mouse, which is a widely used model in molecular genetic studies of feeding physiology. The advantages of using BrdU, instead of [ 3 H]thymidine, include a lower background, intranuclear labeling, and the visualization of the uridine analog with immunofluorescence, which provides a convenient, simultaneous visualization of multiple markers. It is worth noting that high doses of BrdU can lead to teratogenic malformations and behavioral changes. However, we did not observe any major physiological or behavioral alterations nor any gross morphological changes in our BrdU-injected animals. These observations suggest that it was unlikely that the regime of BrdU administration used in these studies caused significant neurotoxicity.
Our present findings show that the vast majority of neurons in hypothalamic nuclei that control energy homeostasis in mice are born between E12 and E14 with peak birthdates on E12. These findings suggest that the proliferation rate in the neuroepithelium of the third ventricle is high at E12 and decreases after E14. They also contrast with those reported in rats, which exhibit a relatively long neurogenic period that is initiated on E11 and continues until E17, with peak birthdates on E13-E15 (17, 20) . Reports on human fetal chemoarchitecture and cytoarchitecture have also suggested that early hypothalamic neurogenesis is limited to the ninth and 10th weeks of gestation (29 -33) .
The chemical phenotype of the nonneuronal HuC/DBrdUϩ cells remains to be determined. Only a minority of glial fibrillary acidic protein-positive astrocytes was born embryonically (data not shown). However, based on the observation that the hypothalamus is one of the most vascularized brain region, it is likely that some of these nonneuronal cells born embryonically become vascular endothelial cells. Remarkably, the majority of leptin-activated cells in the adult hypothalamus (as revealed by cFos-IR after leptin administration) were born during a developmental period that was largely restricted to E12. We chose to use cFos staining to detect leptin-activated cells, instead of more direct leptin receptor signaling markers such as phosphorylated signal transducer and activator of transcription-3 or phosphorylated ERK1/2 because this protooncogene labels neurons that are both directly and transynaptically activated by leptin and identifies both firstand second-order leptin-activated neurons. Brischoux et al. (34) previously reported that MCH neurons in the rat LHA were born between E12 and E13 and that MCH mRNA was detected in the LHA as early as E13. Moreover, recent birthdating studies indicate that POMC neurons in the ARH are born primarily on E12, and in situ hybridization studies have demonstrated that neurons express POMC mRNA on E12 (35, 36) . These anatomical observations are consistent with an early determination of cell fate. In addition, specific sets of hypothalamic neurons may share a common ontological lineage. For example, Padilla et al. (36) showed that a subpopulation of embryonic Pomc-expressing precursors subsequently adopts a NPY phenotype in adult mice. These studies also identified an important developmental period when alterations in the intrauterine environment may affect hypothalamic neurogenesis and produce enduring structural consequences in the hypothalamus.
A second important hypothalamic developmental period in rodents occurs during the first few weeks of postnatal life when neurons send their axonal projections to their target sites. Projections from the ARH in mice and rats are immature at birth and primarily develop postnatally. The development of axonal projections from the ARH to each of their target nuclei is not initiated until P6, and these projections are not fully mature, i.e. they do not resemble an adult, until P18 (19) . Similar results have been observed for the development of AgRP-containing fibers in mice and rats (37, 38) , which originate exclusively from NPY-containing neurons in the ARH (39, 40) . Various parts of the hypothalamus extend axonal projections at different times. For example, efferent projections from the DMH and VMH develop before projections from the ARH, and these connections are established by P6 (19) . These previous studies and the present data indicate that the developing hypothalamus is exposed to two different and successive environments: an intrauterine environment in which hypothalamic cell numbers are determined, and an extrauterine environment in which neuronal connections are being established. These developmental windows also represent periods of vulnerability for hypothalamic development, and alterations in the neonatal environment may perturb normal hypothalamic development and subsequent function.
One unique property of hypothalamic development compared with the development of other brain structures, such as the cortex and hippocampus, is that this region is largely activity independent; it is controlled by physiological signals that reflect environmental conditions. Alterations in the hormonal or nutritional environment during critical periods of development may exert lasting effects on the architecture of the hypothalamic circuits that regulate feeding (see Refs. 14, 15, 41, and 42 for reviews). For example, maternal high-fat feeding increases hypothalamic cellular proliferation in rats, which yields higher numbers of neurons that contain orexigenic neuropeptides, such as galanin, enkephalin, dynorphin, MCH, and orexin, in the PVH and LHA (43) . In contrast maternal malnutrition is associated with a reduced number of orexigenic neurons in the hypothalamus of the offspring, including a reduction of NPY-immunoreactive neurons in the ARH (44) . Whether this change in neuronal cell numbers is the result of a reduction of neurogenesis and cellular migration or an enhancement of programmed cell death must be investigated.
The capacity of hypothalamic cells to generate neurons is not restricted to embryonic life, as recent evidence has suggested that neurogenesis occurs in the adult hypothalamus (45) . However, the degree of hypothalamic neurogenesis differs markedly between adults and embryos. Low rates of neurogenesis are observed in the mature hypothalamus under basal conditions compared with neurogenesis in other neurogenic structures, such as the hippocampus and the subventricular zone (45, 46) . However, constitutive hypothalamic neurogenesis may be enhanced by external cues. Injections of ciliary neurotrophic factor (CNTF) into adult obese mice induce marked neurogenesis in the hypothalamus (47) . This CNTF-induced neurogenesis has consequences on energy balance regulation, and it participates in the weight loss effects of CNTF in obese mice (47) . Hypothalamic neurogenesis can also be induced in neurodegenerative conditions, such as in mutant mice in which AgRP neurons undergo progressive neurodegeneration due to the deletion of mitochondrial transcription factor A (48) . These data illustrate the functional relevance of adult neurogenesis and indicate that it may also serve as a compensatory mechanism that contributes to the plastic control of energy balance in response to environmental insults.
In conclusion, the results of these studies provide detailed and novel information regarding the spatiotemporal pattern of neuronal birth in metabolically relevant hypothalamic nuclei in mice. These morphological data identified an important developmental period that was largely restricted to E12, which is when alterations of the intrauterine environment may affect hypothalamic neurogenesis and produce long-term consequences on the number of hypothalamic neurons that are involved in feeding and metabolism.
